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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCR CONFIDENTIAL REPORY

VIND-TUNYEL INVESTIGATION OF COETROL-SURFACE
CHARACTERISTICS, XY — VARIOUS CONTOUR MODIFICATICNS
OF A 0,30~AIRFOIL-CHORD PLAIN FLAFP ON AN EACA
66(215)-014 AIRFOIL

By Peul X, Purser and John i{, Riebe
SUMMARY

Torce~test mensurements in two—dimensional flow
have been nade in the NACA 4— by 6—foot vertical tunnel
$o deternine the aercdynamic characteristios of an FACA
66({215)~014 airfoil equipped with true—contour, straisht—
conatour, and beveled—trailing-edge flaps having chords
30 percent of the airfoil chord. The results mre rro—
sented in the form of aerodynamzic secction characteristics
for seversl flap deflectiones and for a sgnled and un—
sealed gar at the flap nose.

The slope of the lift curve, tho effoctivoness of
the flap, and the negative slopes of the hinge—moment
curvee zoncerally dooreased ns the tralling—edze anglo
was increasod, us the gap at the flap nosc was opened,
and as roughness was addod to the lending odge of the
airfolil,

Tho aorodynamie contor of lift csusod dy changing
angle of pnttack moved forward as thu tralllng—edge anglo
was incroascd znd aB roughness was aldod to the airfoll
leading edge. The aerodynamic centoer of 1ift caused by
changing flap Geflection tended to meve Forward when the
tralling—edge angle was inrcreased and, wher roughnose
was added to the airfoill leading edge, tonded to move
rearward for the true—contour flap, to remain unchanged
for the straight—contour flap, and to move forwsrd for
the beveled—trulling-edge flap.

The effects of beveled trailing edges on the charac—
terlistice of a plain flap on a low—drag cirfoil were not




significantly different from the effects previously
noted for similar modifications on conventional air—
’011’ -

INTRODUCT 10X

An extensive two—dimensional-flow investigation of
the aerodynamic section characteristics of alrfoils with
flaps has been undertaken by the NACA to determine the
types of flap arrangement best sulted for use as control
surfaces and to supply experimental date for design pur—
poses, The investigation has included nodifications of
flap—~nose shape, balanoe length, and gap size on a 89—
percent thick low-drag airfoil and on 9— and l5—percent-
thick conventional airfoils, Other modifications have .
included the use of g stralght—contour flap and a beveled—
trailing—edge flap., The results of some of these inves—
tigations were reported in references 1 to 5, Reference .
6 has used the trailing—edge angle of the beveled—trails
ing—edge flap as & basis for correlation,

High—-speed airplanaes require the use ol airfoll
sections with low peak pressures, such as low-drag sec—
tions, for tall surfaces to alleviate the danzer of shock
stall. In order to extend airfoill »nrofile alterations
to low-drag airfoil contours, tests have Deen made of
the NACA 66(215)=014 airfoil equipped with true—contour,
flat—contour, and beveled—trailing—edge flara, Through--
out the present paper, the flap having the same contour
a8 the tralling edge 0f the basic sirfoil will be re—
ferred to &3 the true—~contour flap, the flap having =
contour formed by atraight lines drawn from the flap nose
arc to the tralling edge as the stralght—contour flap,
and the flap formod by thickening and bdevoling the trail—
ing—~edgo portion of & straight—contour flap as the
bevoled—tralling—edge flap.

APPARATUS AND MODRL ’

The tests were made in the NACA 4~ by 6~foot verti-
cal tunnel described in reference 7. The test section
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of this tunnel has doen converted from the original
opan, circular, 5—~foot diameter jJjet to a closed, reoc—~
tanguler, 4~ by 6—~foot throat feor force tests of modele
in twvo—dinensional flow, ‘A three—component bdalancs
systex has beon installed in the tunnel to measure 1ift,
drag, and pitching moments. The hinge moments cf the
flap were nensured from n specianl torque—rod balance
built into the model,

The 2~foot—chord by 4-foot—span model (fig. 1) was
bullt of lanminated mahogany to the NACA 66(215)-014
profile, (See tadle I.,) .The airfoil wns equipped with
a true—-contour flap and a beveled—tralling—uvize flap
with chords 30 percent of the airfoil chord (0,30c),

The cusp of the true—contour flap was filled in with
plasticine to form the stralght—contour flap used in

part of the testa., The nose radius of each Tlap was
apprexinetely one~half the airfoil thickness at the flap
hinge axis, and the flap gap was 0.002c, TFor the senled-
gap tests, a rubbor shect was connected betvevn the noso
of the flap and the airfoil.

The model, when mounted in the tunnel, complotely
spanned the test section and was attached to the dalance
frame by torque tubee that oxtended through the sides
of the tunnel, The angls of attack was sot from outsido
the tunnel by rotating the torque tubes with an olectris
drive,

TESTS

The tests wore madc at dynamic pressures of 11,25
and 15,00 pounds per syuare focot, whiech oorrespond,
respectively, to nirspceds of about 68 and 76 milos per
hour at standard sea—~level conditions, The offoetive
Reynollts numbere of the tests were approximntely
2,400,000 and 2,760,000, Tho effectivc Reynolds numbder -
is tho product of the teet Roynolds number and the tur—
dbulenco factor, which is 1.3 for the 4~ dy 6~foot vor—
tical tunnel,

Pre threo flap contours testod were Seg at flap do—
flections from 0° to 30° in increments tec 5%, including
ancadditional deflection of 2°, with tho gap both sealoed
and unsealed. For each flap setting, the values of 1lift,
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drag, pitching moments, and flap hinge momeant were read -

throughout the angle—~of-attaok range from negative stall

to veoslitive gtall, All readings were taken at increments
of angle of attack of 29, except near ths stall vrere

the incroment was reduced to 19,

Porco tests were also mado at an ‘angle of attack
of 0%, at flap deflections from 0° te 30° in increments
of 5° (including an additional defloction of 29) in
ordor to provide a check for the teats previously aon—
_ tioned and to obtain data fer noasuring sono of the
l paraneters without cross—plotting.

: In order to dstermine the effect of n fixed transi-
! tion point near the leading edge on the merodynamic ‘
charactaeristica, force tests were also made with surfaoce
i roughness extending back approximately 2,7 inohes (0.11¢c) -
fron the airfoil leanding edge. The rouvghness consisted
of corborundun particles of the size and distribution
\ referred 1o as standard roughness in reference B, ‘ m

——
‘-J'l-“;‘.
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tion from zero of the 1ift and moment coafficlients at P
an angle cf attack of 0° with the flap neutral. The “
maximun error in effective angle of attack at zero lift

appoared to be about +0.2°. Flap defleotions were set
to within 40.2°. Tunnel corrections, exverimentally de—
termired in the 4- by 6~foot vortical tunnel, were
appliod only to 1ift. The hinge moments are prodably
8lightly higher than would be odtained in free air and,
consequontly, the valuos presonted aro considered con-—
servative, (See reference 9.) The increments of drag
should bec reasonably independent of tunnel effect, al—
though the sbedlute values are subject to unknown tunnel -
and turbulence corrections.

* ' The =ccuracy of the data is indicated by the devia-—

5YMBOLS

The coefficlents and symbols used in this paper are
defined as follows:

1 eirfoil section 1ift coefficlent (1/gc)

e ' ' °§o airfoil seotion profile drag ocefficient (d5/q0)

V‘f; i ; on eirfoll) eection piteching—moment coefficient adbout
: gquarter—chord point of airfoil (m/qe®)

et
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and

flap section hinge—mement coefficient (hf/ch‘)

sirfoll section 1lift

airfoll seation profille drag

airfoil section pitching moment adout quarter—
chord pnint of airfoil

flap section hinge moﬁent

chord of basic airfoll with flap neutral
flap chord

dynamic pressure

angle of attack fur alrfoll of infinite aspect
ratin, degreos

flap deflention with respect to airfoll, degrees

trailing edge angle — inecluded between sides whiosh
form trailing edge of flap, degrees,

offective Roynoldes numbder

PRESENTATION OF RESULTS

The anerodynamic section characteristics of the NACA
66( 215 )=014 airfoil far a gap of 0.0C2¢ and for the gap
sealed are presentod in figures 2 and 3, respectively,
for the 0,30c true~contbtour flap, in figures 4 and 5,
respectively, fcr the 0,30c straight—-contour flap, and
in figuren 6 and 7, regpectively, for the 0,3Cc boveled-
tralling=—odge flap.

A comparison of the asradynamic section characteris—
tics at zero flap deflection with smooth and roughened
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leading edge for the true—contour, straight—contour, and
beveled~trailing—edge flaps is shown in fipure 8 with a
gep of 0,002¢c and in figure 9 with the gap sealed, The
variation of tho aerodynamic section characteristics with
flap defloction for the true contour, straight—contour,
and vevolod—tralling—edge flaps with a smooth and roughensd
leading ed¢e at zero angle of attack is shown in figures
10 and 11 with a gap of 0,002c and witk the gap senled,
respectively.

Increnents of section profile—drag coefficlent
causod by deflecting the flaps are gilven in filgure 13
for tho true—contour flap, in figure 13 for the stralghd—
contour flap, and in figure 14 for tho beveled—trolling-
edge flan. Figure 15 shows the effect of Reynolde nuaber
on the airfoil with the true-contour flap at zero deflec—
tion with tre gap sealed. ’

The flap hinge—noment paraneters (Bchf/EmAkf and

(ach,/aaf)ao are shown in fjgure 16 an furctions of the

tralling—edge argle for a gap of 0,002¢ and for the gap
sealod with & snooth and rouwghened leading. edge. The
varlous parcaeters fer ths true—contour, straight—contour,
and beveled—-trulling—edge flaps, which are presented for
comparison 4in table II, are tire valuoe of rlopen nmeasured
at an angle of auttack and a flap defloectlon of G°.

DISCUSSIOY OF RESULTS
Lift

Genera) shape of 1ift curves.— Tho 1ift curves of
the straight—contour or bevelod—tralling—edge flaps for
various flap deflcctions and for the gap open (figs, 4
and 6) or for the gap closed (flge. 5 and 7) havo the
sene goneral shape as the 11ft curved of the truc—contour
flap for the gap open (fig.-z)-or for the gap closed
(fig. 3), Tho gep—open and gap—sealed couditions have
different Ilap deflestion ranges whero the 1lift ourves
aprronsch the linsar conditlens. For the gup~open condi—
tions, some nonlinearily occurs for the 107 and 15° flap
defloctions; whereas, for the gap—senled conditier, this
nonlinearity 1s most noticeable for the 156° and 20¢ flap

s




deflections. Aes the trailing—edge angle increases, the
range of flap deflections over wvhich this nonlinearity
ocours tende to decome larger when the gap io sealed
and to remein the same when the gap is open,

The angle of attack at which the anilrfoil stalled
tended to increasc slightly ae the traillirg-odge angle
increascd with the gap open dut was aporoxinntely the
sanc with tho gap seeled, 4 conparison of figures 2 and
3 with the data of reference 1 indicates that tho 1ift
ocurves for various deflections of the true—contour flap
for both the sealed and unsenled gap on the NACA
66(216)—014 airfoil are tore linear and indicate stall

at greater angles of attack than those of the HAQA 86—009
airfoll, .

Slope of 1ift curves,~ The slope of the 1ift curvs
(ac;/améht for the true—contour flep was larger than

that for the straight—~contour or beveled—trailing-edge
flep with the sealed or unsealed gap. {(Seo table II.)
The decrease in Qac;/aqbgf for the three Inp contrurs

that occurred with increasing trailins—odge angle nay be
attribdbuted to the increased thiciiness of the after por—

tion of the airfoill, whick caused an increased deviation
in flow from the theoretical flow for thia airfoils, A

deorease in (d03/day;, also occurred for the tarce

flap contours when tho gap was unaoalod, This trend
agroee gualitatively witkh the results for the NACA 0009,
0015, ard 65-009 airfoils (roferonces 1 to 5),.

Effoctiveness of flap.~ The offectivoness of theo
flaps (alolaﬁf)cl vas greatest for the true—contour flap

and was aprroximately the same with the gap both sealed
ard unsezled., As the trailing—-edge an,:le increased, the
effectivensas decressed; and unsealing tkhke gap further
reduced the flap effeotiveness (table II).

With the gap unsealed, all fliaps tectod were ef--
fective in nroducing positive incremonts of 1ift at all .
positive fla,» defloetions within the unstalled range of
angle of attaok, The flap effectiveness at zero angle
of attack and small flap deflections was groater with the
gap sealed than witk tiae gap unsoaled, but the ineremonte
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of 142t for the high flap deflectione with the gap sealed
were very small or seroc in part of the negative angle~
of—attack range, Although a drop in effectiveness ooourred
at high flap deflections at negative anglee of at tack,

the drop in effectivsness with flap deflection at the
positive angle of attack was not so pronounced for the
¥ACA 68( a15§-014 airfoil as for tha NACA 63—009 airfoil
(reference 1) and 0015 airfoil (reference 5).

Slope of 1ift ourves with coatrols free,—~ The param—
eter (Bc;?bm&uh =0 (table II) is a measure of control-
~ f .

freo stnbility. Tho slopo of the control-froe 1lift curve
wes lees than that of the control-fixed 1ift curvo for
the truo—contour flap with the gap oithor sealod or un—
sealod, For the straight—contour flap the slopec of

tha 1ift curvo with centrol froo was smallor than with
control fixed for the sealed gapj whoreas no change
ogccurrod Jor the onon gap. Tho slipe of the control-
froo 1ift curvo was larger than that of thc control-~fixed
11ft curvo for the bovelod-trailing—ocdige flap, boing
greater whon tho gap was unsealed thrn when scnlod, Com—
parison of thg data for the threo flap contours cthows an
inercaso in (Bcz/aaachf= C with trailing—-odgo anglo,

It Bhould bo notod thet thoso statoments arc dusoed on
slono valuos moasurcd over a small angular rango and thoir
use is thereforo limited to mtability calculations and
other anvlications which are courncerned only with emall
changos in angle of attack and deflectiown.

Effect of leadinpg—edgo roughnoss.— The effoct of

roughness on the airfoil leading odge was to decreaso

the slope of the airfoil 1ift curves and the effoctivew
ness of tho truo—contour, straight-—-céntour, and bevoled—
trailing—cdge flaps for tho gap both sealed and unsocalod.
(8oe table II.) Tho presonco of roughnoss on tho airfoil
leading odige did not change thc tendency of the opon gap
and tho increased trailing—odgo anglo to roduoo theo

slopo of the airfoil 1ift curve and tho flap effoctivcnoss,

With controls froe the slepes of tho 1ift curves wore
larger with a roughcenod lcading edgou than with n smooth
loading odge in all cases oxoopt that of the true-contour
flap with gap soaled and tho bovolod—trailing—odgo flap
with gap unsealod. For the bevcled-trailing—ocdge flap

e— . Tt
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with gap vnsealed the prosence of roughnoss resulted in
an unstablo condition because both (bohrlau;h’ and

(achf/aa,)ao wore positive,

The lift coaefficient incroased rolatively linearly
with the flap doflections above 10° with either smooth
or roughonod leading edge whoen the gap was soaled or un—
soalod (figs, 10 and 11). The general effoct of rough—
neonsg, however, was to reduco tho 1ift coefficient at a
€ivon flap doflcction and to reduco tho mnaxzimum 1lift
coefficiont.

Pffogt _of Roynolds numdber.— An incroasc in effeotivo
Roeynolds numboer from approximately 2,400,000 %0 2,760,000
inoreesod the maximunm l4ft cooefficient from 1.0€ to 1,13
at positive angles of attack and from ~1,01 to —-1.20 at
negative nngles cf attack for the FACA 66(215)—-014 air-—
foll with a true—contour flap at &5 = 0° vwith the gap

sealed, (See fig. 15.) Increasing the effective Reynolds
nunber caused a slight increase in the slope of the 1lift
curve, The differences in the angles of attack for zero
1if% for the two tests is within the linits noted previ--.
ously under "Tests" and is probadly the result of errors
in setting the angle of attack or flap deflection.

Hinge Moment of Filap

General shape of hinge—moment curvese.—~ The curves

of flap section hinge moment plotted against angle of
attack (figs. 2 to 7) were not unusual except for the
breaks that occurred at the intermediante and high flap
defloctions, These breaks, generally larmer with the
€ep senled than with the gap unsealed, werc¢ probdadly the
result of flow separation over the flap.

Slope of hinge—-noment-curves.~ The hingo—ponent

parameters for the three flap contours with the gap
sealeod and ungealed are given in table II. Because of
the nonlinearity of the hinge~moment curves over most of
the angle—of-attack range, tho parameter (achf/aqgaf

0° and e = 0° ovor the linocar
range previously mentioned, Although this range 1s small,

was moasureod at 8¢
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those values can be used for comparing the three flap
contours and for stability coaputationsj howevor, for a
oomplote oomparison the entire set o hingo~moment
curvos nust be taken into consideration.

Tho neasured slope (Bchf/au5¥f was zcro for the

stroight~contour flap with the gap unseoledi howevor,
for the gap botk sealod and unsecaled, (Bchflbaﬁmf

was nogative for the truo—contour flap and was positive,
showing an overbalance, for the beveled—trulling-edge

flap, (See figs. 8 and 9.) The vealue (achf/aadkf

was more nositive for the flaps with the lurger tralling—
edge angles., This trend ugress gualitatively with the
datu of reference 4, bdut the actual value of the change
i8 larger than that indicated by the curves of refer-
ence 6,

Vezluoe of the paramcter (achf[asf)ab (figs. 10

and 11) vore measured ant flap defleections trom 0° to 6°
beocause of the nonlineerity of the flap section hinge—
moment curves throughout the flap deflection range. An
iacroase in trailing—-edge angle produces p docrense in
the negative value of ?Bchf/asf)ab for the gap sealed

or unsenled (table II), This trend also agrees with the
deta of reference 4 hut the actual values are again
larger thon those indicated by the curvea of reference 8§,

Bffoct of loading—odge roughness.~ Tho effect of
leading edge roughness on thse variation of (achf/aa&kf

and <ach2/aaf)°° withk trailling—edgo angle oad gap con—

dition for tho 0.30¢c flape on tho NACA 66(215)-014 air—
f01l (fig. 18) was to make both (bchflbadkf and

‘aohf/bﬁf)mo wore positivo. Tho presence of loading—

edge roughness did not alter tho geneoral tondenoy of
achflbacsf and Bchflbaf)au to become moro positive

with incroases in tralling—edge angle and with unseal~
ing the gap.

Effoot of Roynolds number.~ An ineroase in effoativae
Reynolds numbor from apnroximately 3,400,000 to 2,760,000
slightly increased the nogative value of (achf/an,,

Il
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for the true—ocontour flap at 8¢ = 0° with tho gap

sealed (fig, 15), The differenco in the values of the
hingo-momont occeffioient at oo = O  DPprobadly rosultod
from errors in setting the angle of attack and flap do—
fleoction.

Pitching lioment

The values of the parametors (bcm/bc;)ao and
(ﬁcm/bc;)af, shown in table II, give the position of the

aerodynanic oenter with rospcot to the guarter—chord
point, When the lift was variod by changing the angle
of attack at a flap doflection of 0%, the aerodynamic
coentor of the smooth airfoil with a senled gap was at
0.265¢ for the true—contour flap, 0.22¢c for the straight—
contour flap, and 0.20c for the beveled itralling—edgze
flap, This trond agroes gualitatively with tha rosults
in roference 4. With roughness on tho lending odge, tho
aerodynamic center moved slightly forward to {,24c for
thoe true~contour flap, to 0.21l¢ for tho strailght—contour flan
»hd ta - 0L188 - for tho beveled~irailing-edsge flap, Un=—
gsaling the gap generally hnd little effact on the .
position of the aerodynamic center., Increasing the ef«
feotive Reynolds nunber had very little effect on the
aerodynanic center of the airfoil with the sealed true—
eontour flap at &g = 0° (fig. 15).

The following table gives the position of the aero—
dynonioc center of 1ift due to flap deflection:

Aerodynamic center .
Leading | Yrue—-contour Straight—contour | Beveled~trailing-
edgo flap flap edge flap
0.0C2c |{Sealed | 0,003¢c | Sealed 0.C02¢ | Sealsd
gap gayp &ap gap gap gap '
Smooth 0,430 0.41c | 0,43¢c 0.,42¢ C,40a-| O.41¢
noq£§i .460 .44c .43¢ «42¢c .380 .38¢

With roughmess on the leading edge, the aerodynamic
oenter of 1ift oaused by flap deflection moved rearward

s e B e oot
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about 0,03¢c for the true—ocontour flap, remained un—
changed for the straight—oontour flap, and miaved 0.02c¢
to 0,03¢ forward for the beveled-trailing—edge flap.

The position of the aerodynamic center of 1ift caused by
flap defloctions is a function of the aspect ratio (ref-—
erence 10) and moves toward the trailing odge as the
aspeot ratio deocreasos, It can bs soen that, if thro
aerodynanic—center positiong aro plottcd against
(achflbuah and Bchf/beS thero is a gonoral trend

for tho aorodynamio centers to meve forwaréd as the
slopos of the hinge—moment curves become more positivo,

Drag

Bocauso the turbulenoce of the 4~ by 6~foot vertioal
tunnol made it impossidble for the low-drag condition to
be roalizod on the NACA 65(215)—014 airfoil and because
of the unknown tunnel correction, tho measured values of
drag cannot be considorod absolute and are not presented
in tho prosent roport. The incromental values, howevor,
should bo relatively indenondent of tunnel offect, and,
therefore, inoremcnts of profile drag causod by deflec—
tion of the truc—contour, straight~contouwr, and bevol od—
trailing—~edgs flaps aro shown in figures 12, 13, and 14,
respeoctively, These increments woro detormined by de—
Queting thoe draz coeffielénh of the airfoil with the
flap neutral from tke drag coefficient with the flap do—
flected. with nll other factors remaining constant.

'--_

For all three flap contours at ag = 0° and at

positive flap deflsctions above 120,. the increments of
drag coeflicient were larger with the gap =nsenled than
with the gop sealed.

Comparison of figures 12 to 14 indicates that de—
flecting the true—contour flap generally causod the
largost iacremont of drag) whereas deflecting the beveled—
trailing—sdge flap caused the lenst increment. YWhen the
data of figures 12 to 14 were oompared on an egual 1lift-—
increnent bansis rather than on an equal flap—deflection
basis, the true—ocontour flap still produced larger drag
increnonts than the other flaps over a range of about
0.4 in 4cj, but the diffeorence in the increments was

much lese than shown in the figures.

-r«
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CONCLUS IONS

Testes have been made of the NACA 66(215)~014 air—
foil equipred with true—contour, straight—contour, and
bovoled—trailing—edge flaps having chords equal to 30
percent o the airfoil chord. The offects that increas—
ing tho trniling—eige nangle had in decreasing the lift
over the airfoil trailing edge were not significantly
different from the offects previously notod on conven—
tional airfoils and are containod in the following con—
clusionas

1, The aslore of tho airfoil 1ift curve was largest
with tho soaled truc—contour flap and deorecsed as the
gem &t tho flap nose was opensé, as the tralling-edgo
aunsle was ineroascd, and as roughness was added to the
airfoll) loading ndgo.

2. Tho slope of the lift curve with controls freo
{=zero Ilap ringe moment) gonerally inereasod as the
trailing—cdgo anglo ircroased ard as roughnoss was added
to the wirfoll lcading edge. Th:> effcect of tho gap at
tho hiige lino variod with trziling—odgo arglo ard with
tho allitilcen of rougiinoss to tiiv airfoil loading edgo.

3., The effoctiveness of thie flap in producing lift
wasd greatest with the true—contour flap and generally
decreased r8 the gap at the flap nose was opened, ns
the trailing—edge 2nylc was increased, and as roughness
wag added to the zirfoil leading edge.

4, The slope of the curves of hinge monent plotted
mgainst nungle of attack at a flap defleotion of 0° and
small angles of attaclt was approximately zero for the
straight—contour flap, negative for the true—contour
flap, and positive for the beveled—trailing—edge flap.
The negative slopes of the curves of hingomoment plotted
egaingt flap deflection for all three flap contours de—
ereased ns the trriling-edie angle increased, as roughness
vas added to tho leading edgo of the nirfoil, and, for
the stralght—contour nnd develed—trailing—ocdso flaps, as
the gap at the flap nose wns unsealed,

6. Waen the 1ift was varied dy changing the angle
of attack at zero flap deflection, the aerodynamic center
of the Bsmooth airfoil with a sealod gap moved forward as
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the trailing—odge anglec wns increased. Unsooling the
gop rod little offect on the serodynanic center} whereas
tho sdditlon of leading—edge roughness moved the aero-
dynnuie conter forward 1 or 2 percent of the alrfoil
chord, At constant nngle of attack the aorodynanice
centor of 1ift caused by flap defloction also tended to
nove forward as the treilinpg-edge angle was inereased.
Unsocaling the gop or sdding roughkness gt the airfoll
lecading odge tonded to movae the nerodynanic centor rearn
ward for tho true—contour flap and forward for the
boveled—tralling—-edgec flap.

Leangley llonorial Aeronautical Laboratory,
Ketionnl Advisory Comniittee for Acronauties
Langley Field, Va.
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ORDINATES FOR TACA €6(215)-014 AIRFOIL

TABLE I

[Stations and ordinates in percent of airfecil chord]

Staticn Upper Lowar
gurfacas surfaco
0 0 0
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2,5 2,08C -2,080
5,0 2,880 -2,880
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20 5,E6¢€ -5, 506
25 6,081 -G, 081
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35 6,748 ~f,748
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45 5.,9¢5 -€, 905
60 ¢,2¢2c —-7,P€2
55 €,907 —-6.807
60 €,427 —-6,497
65 5,978 -5,978
70 H.224 -H,224
73 4,342 —4,242
80 3.275 3,375
85 2,375 ~2,375
90 1,399 -1,389
95 .523 ~.523
100 . 095 -, 085
L,E, redius: 1,208
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TABLE I

ORDINATES FOR XACA €6(215)-014 AIRFOIL

[Stations and ordinatee in percent of airfoil chord]

Station Upper Lower
gurface surface

0 0 (o}
o5 1,036 -1,038
.75 1,240 ~1,6240
1,25 1,536 -1,535
2.5 2,080 -2.020
6,0 2,680 -2,880
7.5 3,H0¢ —-3,6C8
10 4,048 —4,048
15 4,904 -4,904
20 5,566 —5,566
25 6,081 -6, 081
30 6,470 —-6,470
35 6.748 —f,748
40 6,920 ~-£,9220
45 6,995 —~f , 995
50 €,062 —£,%€2
65 €,807 -6,807
60 €,497 —6,497
65 5,978 -5,978
70 5,224 -5,224
75 4,342 —4,242
80 3,375 -3,.375
85 2,375 -2,375
90 1,389 -1,389
95 .523 —-.523
100 . 095 —, 095

L,E, redius: 1,20€
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TABLE I
PARAMETER VALUES OF FLAPS OF 0,30c TESTED
§ ON TRE BACA 66(215)-014 AIRFOIL IN THE
NACA 4~ BY 6-F0OT VERTICAL TUYNEL
True— Straight~ Beveled-~
contour eontour trailing
Leading—
flap; flap: edge flap;
Parameters edgs a0 = ia 70 - [+]
surface p =3 LE =3 p =30
Gayp, Goy, Gap, [ Gan, %ar, Gap,
fealed [0, OC22 realed |C, 002¢ {gealed 0, 0072¢
3 Smeoth -0,53 [~0,59 |~0,53 l-o0.53 —-0.5¢ |-0,46
L2o
bﬁf/ﬂ Rough | =56 | —.£3 | -.,55 l=_ 45 ~—,48 | -.42
3 JSmcoth 0% | 94| ,o090] .09 .084| o079
cl\}
E;ao/&t chugh .002) ,c38 + 034! 031 . 080 ,c77
2613 | Sacotn | .oea| .oe1| . oan <085 | ,189| 282
Sac/ong. || Rouen | .oc9| | cea <091} ,091 | _358(Diverw
. gent
degN j-Smcoth .00 .o0c3| o023 .o3z2 .045| o058
de1/5, [nough' .012| ,011] ,o038| . 041 .062| 062
(3°m> Smooth | —,160| ~.183( —,172|~_ 184 —.159| ~,150
]
et Reugh | ~.180) ~,213) —.174=,180 | - 122 —. 125
(ach‘> (Smooth |-, 0081|-. 00ns —~.0005] 0 .0049| ,o00ss
0ag/82 l_nough =-0079 |-, 0077 ,00cal.oc10 |..0057] . 0058
(4]
C_h_f\ Smooth [, 0124]-,0l4¢|~, 0076|—~, 0050 -, 0022|-, 0010
obe @, .| Bough |-, 0122|~ 0140|-,0052|~, 0035 -.0008| , 0010
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